This study evaluates trends in quality of nanotechnology and nanoscience papers produced by authors from the People's Republic of China (PRC). The metric used to gauge quality is ratio of highly cited nanotechnology papers to total nanotechnology papers produced in sequential time frames. The USA is both the most prolific nanotechnology publishing country and most represented country on highly cited nanotechnology papers (both in absolute numbers of highly cited papers and highly cited papers relative to total publications) over the 1998 2003 time frame, based on the SCI/SSCI databases. Some of the smaller hi-tech countries have relatively high ratios (~2) of highly cited papers to total publications (e.g. Denmark, Netherlands, Switzerland). Countries that have exhibited rapid growth in SCI/SSCI nanotechnology paper production in recent years (e.g. PRC, South Korea) had ratios an order of magnitude less than that of the USA for 1998, but by 2003 had increased to about 20% that of the USA (~2.5). PRC and South Korea have climbed in the publications rankings from 6th and 9th in 1998, respectively, to 2nd and 6th in 2005, respectively. PRC's ratio monotonically increased from 0.16 to 0.45 over the 1998 2003 period, and South Korea's ratio increased from 0.11 to about 0.6 over that same period, indicating their papers are getting more and more citations proportionately. Thus, under rapid growth conditions, PRC and South Korea have been able to increase their share of participation in highly cited papers. As of 2003, PRC and South Korea have ratios comparable to nations like Japan, France, Italy, and Australia but not yet approaching those of the highly cited countries. None of the top ten publications producing institutions are from the USA, while all of the top ten highly cited publications producers are from the USA. Over the 1998 2003 time period, the top six total publications producing institutions (globally) remained the same, with Chinese Academy of Sciences (which consists of many research institutes) wresting the lead from Russian Academy of Sciences in 1999, and thereafter increasing the gap. Over this same time period, the USA institutions constituted about 90% of the top ten most cited papers list. For Chinese institutions specifically in the period 1998 2003, the nanotechnology publication leading Chinese Academy of Sciences has maintained an average of about 30% of nanotechnology publications over that time frame. The second tier (in terms of quantity) for the last few years has consisted
FORUM

METROLOGY
Nanotechnology is the development and use of techniques to study physical phenomena and construct structures in the physical size range of 1 100 nm, as well as the incorporation of these structures into applications. Globally, nanotechnology research publications have grown exponentially for more than a decade [1] . Nanotechnology publications and citations have been used to show infrastructure bibliometrics [1 3] , science to technology linkages [4] , mapping relationships [5] , and point examples of highly cited papers to overall production [6, 7] .
There appear to be no examples of temporal trends of ratios of highly cited nanotechnology/nanoscience papers to total nanotechnology/nanoscience papers, where the ratios are computed over small periods of time. We believe this type of analysis is important for organizations/countries that are experiencing rapid growth. In this case, aggregate ratios of highly cited papers to total papers over a long period of time may be misleading due to the large number of recent papers that contribute to the total publication statistics but have not yet had time to generate citations.
The present paper examines temporal quantity-quality relationships for the leading nanoscience and nanotechnology research output producers, with detailed emphasis on PRC institutions. The PRC has had a strategic commitment to science and technology in general, and nanoscience and nanotechnology in particular, for the last decade. Ref.
[8] summarizes the PRC's commitment to supporting science and technology in nanoscience and nanotechnology, and the reflection of this commitment in research output growth. Ref.
[9] shows PRC's strongly increasing contribution to world science, with substantial increases in citation rates as well. Further, PRC's global share of nanoscience and nanotechnology publications is shown to be higher than its overall global science and technology share, reflecting very high growth for nanoscience and nanotechnology as well. Ref.
[10], a bibliometric analysis of PRC's nanoscience and nanotechnology research output, confirms the rapid growth of PRC's nanoscience and nanotechnology research output, but concludes that PRC's total citation rate is low compared with citation rates for other nations.
The conclusions in the previous paragraph are confirmed by the detailed findings in Ref. [1] , which used the most comprehensive nanoscience and nanotechnol-ogy query existing today. From 1991 to 2005, PRC increased its production of nanotechnology papers forty-fold in the SCI/SSCI [1] , where it was second to the USA in total nanotechnology publications in 2005. Recent unpublished computations by the first author have shown that, for the first half of 2007: (i) The PRC nanotechnology publications in the SCI/SSCI are within ~10% of those of the USA, and (ii) the PRC nanotechnology publications in the EI Compendex (an applied science and technology development database) lead those of the USA by almost a factor of two.
How did the quality of the PRC's nanotechnology publications change under such high publication growth conditions, and in particular, what were the quantityquality relationships at the leading institutions?
To place the PRC results in their larger context, we will first start by examining how the major nanotechnology producing countries have fared with respect to quality over the past decade. Then, we will examine how the major nanotechnology producing institutions globally have fared with respect to quality over the same time frame, and where the major PRC institutions are positioned with respect to the global leaders. Finally, we will examine how the major nanotechnology paper producing institutions in PRC have fared with respect to quality.
The quality metric employed for this analysis is the efficiency of highly cited nanotechnology document production; i.e. the ratio of highly cited nanotechnology documents produced to overall nanotechnology documents produced. We define a citation threshold for highly cited nanotechnology documents as the top 1% of total nanotechnology publications (for the global analysis). For each country, or institution, we calculate the number of highly cited papers that it has produced in selected time frames of interest, then take the ratio of this number to total number of publications the entity has produced over the selected time frame, and use this as our Figure of Merit.
In the first part of this paper, citations (and publications) for nanotechnology documents published by major producing nations and major producing global institutions in four uneven time frames were examined. All nanotechnology documents in the Science Citation Index for 1998 Index for , 1999 Index for 2000 Index for , 2001 Index for 2002 Index for , 2003 were retrieved using a 300+ term query [11] and analyzed in March June 2007.
